Under the Paperwork 



PTO/SB/05 (1/98) 

Approved for use through 09/30/2000 0MB 0651-0032 
Patent and Trademark Office. U S. DEPARTMENT OF COMMERCE 
Reduction Act of 1995, no persons are required to respond to a coUcction of information umess it 'displays a valid 0MB contrQl number 




Please type a plus sign {+) inside thts box - 

UTILITY 
PATENT APPLICATION 
TRANSMITTAL 

(Only for new nonpn^visionaf applications under 37 CFR 1 53(b)) 



Attorney Docket No. 



0756-198$ 



First Inventor or Application Identifier: Yasuhiko TAKEMURA 



Title: ELECTRO-OPTICAL DEVICE AND METHOD OF DRIVING AND 
MANUFACTURING THE SAME 



Express Mail Label No. 



APPLICATION ELEMENTS 

See MPEP chapter 600 concerning utility patent application contents. 



1. 



[X] Fee Transmittal Form {e.g.. PTO/SB/17) 

(Submit an original, and a duplicate for fee processing) 



Total Pages [48] 



2. pC] Specification 

(preferred an^ngement set forth below) 

- Descriptive title of the Invention 

- Cross References to Related Applications 

- Statement Regarding Fed sponsored R&D 

- Reference to Microfiche Appendix 

- Background of the Invention 

- Brief Summary of the Invention 

- Brief Description of the Drawings (if filed) 

- Detailed Description 

- Claim(s) 

- Abstract of the Disclosure 

3. [X] Drawing(s)(35USC113) 

4. [X] Oath or Declaration 

a. [ ] Newly executed (original or copy) 

b. [X] Copy from a prior application (37 CFR 1 -63(d)) 

(for continuation/divisional with Box 17 completed) 
[Note Box 5 below] 
i. [ ] DELETION OF INVENTORfS) 
Signed statement attached deleting 
inventor(s) named in the prior application, 
see 37 CFR 1 .63(d)(2) and 1 .33(b). 

5. [X] incorporation By Reference (useable if Box 4b is checked) 

The entire disclosure of the prior application, from which a 
copy of the oath or declaration is supplied under Box 4b, 
is considered to be part of the disclosure of the 
accompanying application and is hereby incorporated by 
reference therein. 



Total Sheets 
Total Pages [2] 



ADDRESS TO: 



Assistant Commissioner for Patents 
Box Patent ^plication 
Washington, DC 20231 



6. [ ] Microfiche Computer Program (Appendix) 

7. Nucleotide and/or Amino Acid Sequence Submission 
(if applicable, all necessary) 

a. [ ] Computer Readable Copy 

b. [ ] Paper Copy (identical to computer copy) 

c. [ ] Statement verifying identity of above copies 

ACCOMPANYING APPLICATION PA RTS 

8. [ ] Assignment Papers (cover sheet & document(s)) 

9. [ ] 37 CFR 3.73(b) Statement [ ] Power of Attorney 

(when there is an assignee) 

10. [ ] English Translation Document (/fapjO/ZcaWe; 

11. [X] Information Disclosure Statement [ ] Copies of IDS 

(IDS)/PTO-1449 Citations 

12. [X] Preliminary Amendment 

13- [X] Return Receipt Postcard (MPEP 503) 
(Should be specifically itemized) 

14. [ ] *Small Entity [ ] Statement filed in prior application, 

Statement(s) Status still proper and desired 

(PTO/SB/09-12) 

15. [ ] Certified Copy of Priority Document(s) 

(if foreign priority is claimed) 

16. [X] Other: Notice of Change of Address 



*A new statement is required to be entitled to pay small entity fees, 
except where one has been filed in a prior application and is being 
relied upon. 



17. If a CONTINUING APPLICATION, check appropnate box, and supply the requisite information below and in a preliminary amendment 
Divisional of prior application Serial No. 08/978,597, filed November 26, 1997; which itself is a Division of Serial 
No. 08/419,956, filed April 10, 1995; which itself is a Continuation of Serial No. 07/959,918 filed October 14, 1992. 
Prior application infornnation: Examiner: K. Hornev Group/Art Unit: 2871 



18. CORRESPONDENCE ADDRESS 



[XI Customer Number or Bar Code Label 



Customer No 22204 
(Insert Customer No. or Attach bar code label here) 



or [ X ] Correspondence address below 



Name Enc J. Robinson 

Firm SIXBEY. FRIEDMAN, LEEDOM & FERGUSON, P C 

Address 8180 Greensboro Drive, Suite 800 

City. McLean State VA 

Country USA Telephone (703) 790-9110 



Zip Code: 22102 
FAX (703) 883-0370 



Name: Eric J. Robinson 



Registration No. 38,285 



Signature 



Date: June 29, 1999 



Burden Hour Statement This form ts estimated to take 0.2 hours to complete Time wiH vary depending upon the needs of the individual case Any comments on the amount o 
time you are required to complete this form should be sent to the Chief Information Officer. Patent and Trademark Office, Washington, DC 20231. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS SEND TO Assistant Commissioner for Patents, Box Patent Application. Washington, DC 20231 



- 1 - Docket: 0756-1986 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re DIVISIONAL Application of 
Yasuhiko TAKEMURA 
Based On Serial No. 08/978,597 
Which Was Filed: November 26, 1997 
For: ELECTRO-OPTICAL DEVICE 

AND METHOD OF DRIVING AND 

MANUFACTURING THE SAME 

PRELIMINARY AMENDMENT 

Honorable Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please preliminarily amend the subject application as follows: 

IN THE SPECIFICATION : 

Before the first sentence of the specification, insert —This application is 
aDivision of application Serial No. 08/978,597, filedNovember 26, 1997; which 



Art Unit: 2871 
Examiner: K. Homey 

Date: June 29, 1999 
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itself is a Division of Serial No. 08/419,956, filed April 10, 1995; which itself is 
a Continuation of Serial No. 07/959,918 filed October 14, 1992.-- 

REMARKS 



This application has been amended to include the continuing application 
data thereof. 

Examination on the merits is requested. 

Respectfully submitted. 



Eric J. Robinson 
Registration No. 38,285 

Sixbey, Friedman, Leedom & Ferguson, P.C. 
8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703) 790-9110 
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Field of the Invention 

The present invention relates in general to an electro- 
optical liquid crystal display suitable for finely graded 
operation and mstncds or driving and manuracturing tne same. 

a. Description of tiae Prior Art 

R«c«ntly, tnin film transistor liquid crystal displays 
(XPTLCD for short) have been increasingly broadly utilized, along 
with tha davolopaont of color liquid crystal displays, rather 
than simyla matrix type liquid crystal displays because the 
former type is particularly «xQ9ll«nt in terms of brightness, 
contrast and vide view angles. 

?ig*i(A) is a circuit diagram showing a driving circuit 
for controlling one pixel of such a TFTLCD. as shown in the 
figure, a single thin film transistor is provided for tho pixol 
Iccated at: aach intersection of a matrix diagonal wirins 
comprising horiscntal addressing lines (only one line Vq being 
lliustranad) and varticai data lines (also only ona lina being 
illustrated)* The drain (D) of the transistor ia connected to the 
oorrasponding ond of the data lines while tha source (S) thereof 
is connected to the corresponding one of the electrode pads 
defining pixels of the display (not shown). The gate of the 
transistor is connected to the corresponding one of the 
addressing lines Vq. Such a matrix type dasign has heen broadly 
empicyed already in Che DRAM techniaue so thai: the reliability 
thereof is believed to have been fully eatablished. In the caso 
at tne driving technique for liquid crystal display, however, 
there remain still several problems to be solved since the 



operation of liquid orystal displays iMludes aiac analog data 
manipuiattoa. 

Fig. KB) is a aohdmatic diagram shoving dxamples otr 
signals applied to the addressing line Vq and the data line 
and the resultant driving voltaga at th& dlftctrod© of the 
corrsspondins pixel iti response to the signals, ir a liquid 
crystal material is subjected to a DC voltage for a substantial 
time perioa, the characterls"::ics at the materials ars degraded. 
The signal at the data lina t,hersfors is periodically inverted 
{xisually for aaoh frame) ir: ord&r tc invsrt the direction ct ths 
voltase applied eoross the liquid crystal material. 

The itochanism of the operation or tne pix&l Is next 
explained, When a voltags pulse Is applied to the *at«, the 
tranaistor is turned on in ordar to transmit ftlactric charge to 
the electrode pad of the pixel from the data line beins at a hish 
level so that the voltage level of the electrode pad is increased 
{region t^). xna increase, however, is not so fast. In the case 
the transistor is made of an amorphous ailioon eemioonduotor , tha 
mobility of carriers is so low that the pulse applied to the gate 
is sometimes removed and the transistor is turned off before the 
vQitago at the pixel raachos to the necessary level, in the case 
that the transistor is made of polysilicon, such undesirable 
situation is substantially improved. If the operational speed is 

so high that the pulse width is narrower than one microseconds* 
howeverj even the polysilicon transistor can no longer follow 
such a high speed. It tases 30 milliseconds in usual cases to 
scan one frame. The pulse width of the addressing signal is 
thsr^fore aaout sc microseconds in the case that the number of 
the addressing lines is 480 {430 rows display). If higher 
dsfinition of grading is desired, however, the pulse width 
narrower than one microsecond becomes necessary* 

Th© voltage at the piMl then drops by "V. This drop. 



called ''retiouni", is caused ty charge accumulatsd in the 
paraditics eapaoitanoe whioh is formed by thd ov$rlAp b^twaaa tiio 
gara diectrode and tne sourca region. Tlie roltage drop increases 
^ aa the parasitiv? capacitance i::or©a9QS. In tha ca&a of displays 

utilizing amorphaus T?Ts, a capacitance is provided across the 
liquid crystal at the pixel in order to reduce the voltage drop, 
Tlie provision of such a particular capacitance, in turn, 
increases the load of the TIT and the other psripherai circuit 
and ddcreasds tha aperture ratio t^causa of tho wiring for the 
capacitances so that the brightness is decreased. 

In tha oa©0 of polys ilioon transistors, such a problam of 
the voltaES drop is not so significant since the self-alignment 
% process can be employed for forming the gate electrode and tho 

W scurce and drain rssio^is. The voltage drop, however, still exists 

m as high as one volts which may become a substantial problem in 

future when a higher definition is required, 
[5 The voltage at the pixel gradually decreases until a next 

f addressing puisa arrives (region t^) "beeausa of discharge dus 

j1 niainly to leakage current passing through the transistor being 

J turned off. Th« n«xt pulse is thon applied to th« addressing line 

n Vq, since the voltage level of ths puiss is inverted in this 

^ time, the voltage level at tho pixal is also gradually decreased 

to the im'srted level in the same mariner as described above. 

When the addressing pulse is removed from the addressing 
line, the aosoiute value or the voltage at the pixel is increased 
in this case by the voltage drop '*V followed by gradually 
decrease due to discharge. As undarstcod from the Illustration, 
the voltage c^pplied to the pixel is asymmetrical resulting in 
eavaral problems such as flicker or dat^rioration of the liquid 
crystal material, 

rurtharaord, it is to b« noted that the voltage at the 

pixel having a wareform of such a complicated pattern 
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substantially tszida to vary from plxol to pixol. For dxajn|>l«, rjie 
rlae ot Tha Tolta^e at tlie pixel in reftion tl depends upos the 
sever&l parameters of the trans iattsrj o»g* the mobility, tha 
channel isingth, the thickness of the active region, the gate 
voltage (the voltage applied to the addressing line) and the 
drain voltage (the voltage applied to the data line). The 
mcbiHty of the transistor depends largely upon the manufacturing 
prcoofis so that pixol to pixel variation win no^ ba so large, 

wnen zna panel size hecoines large in future, hovever, it will be 
the oass that the variation within the sanie panel can not he 
neglected. Variation in the thicknsss of the active region may be 
also a problem in the case of larga panols. Variations in tha 
channel length and ths channel width are usually as lar^e as 
about 10% of more from pixels near the driver to pixels apart 
from the driver, 

The voltage drop depends upon the parasitic capacitance 
of the XFT, Tha dispersion Of th^ capacitance is about 20% in the 
cass of non-self alignnient proces^ea and about 10% in the case of 
self-alignment prooeeaes , Purtharmore, since the voltage drop is 
in proportion to the gate voltase applied, the dispersion of the 
parasitic capacitance and the dispersion of the gate voltage form 
a multiplier action to widen the dispersion of the voltage drop. 

On the other hand, the gradually decrease of the voltage 
at the pixel depends largely upon tne channel length, the channel 

width, the characteristics of the active region, of the 
transistor (Tyxj . As a result, the voltage level at the pixel 
fluctuates from solid line to broken line in Pig.iCH). 
Particularly accurate quality control la required in 

raanufacturlng processes for the devices in order that the 
dispersion of the voltage at the pixel is alvay^ within a 
tolerable ranEe, AS a result, the yield is significantly 
decreased. It may he impossible to meet future requirements for 
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bighly-valxjd-addad products witH a. iiign yield wlieraaa Low ijuaiitjr 
products may be manufactured with & relativaXy high yield. 

At tho pro^dnt timd, & plurality of grades in bri^tness 

can be constructed ty controlling the roltagas at tha signals 
lines. The manufacture of the graded displays seems to be almost 

imposSllDie evsn Wltn 16 grades in accordance with the current 
technique from the view point as discussed below. The threshold 
voit-agsa or usual titflsteti nematlc IKiuid crystals are 5V or 
therearound, which are dirided by 16 into 30 mV for realizing IS 
gradas. Cozisidering dispersion in i:he voltage rise at time , in 
the voltage drop and in the discharge, as above diacuaaed^ the 
disparsicn of thd voltaga at the pixel would easily exceed 300 mV 
unless products are carefully sifted out. 

Prom the above view point, the inventors have advocated 
digital graded displaying systams in place of analog grading 
systems. The digits.! grading are rsalizod by controlling th« time 

for which til© liquid crystal is suiij acted to a driving voltage at 
each pixel* Details are described in Japanese Patent Applications 
>ios,H9i3-iS9305 , 1S9306, 169307 and 203889 Of the same applicant. 
The frequencies required for driving tha digital grading 
displays, howavsr, aro 20 to 300 timfis a.s high as conventional 

frequencies so that T?Ts of CMOS structure have to be arranged at 
each pixel in place of NMOSTFT alone. It is also difficult even 
with such digital systaais to suppress disturbance of grading due 
to diaperaion of. the oharaoteriatica of the TFTs* 

For sxampla, when an intermediate grade is selected by 
limiting the voltage application time only to 4B% of one frame, 
11C$6 of thd pr«d«tariaincd voltage levfil may be applied to certain 
pixels xheresa ^0% of the level m^iy be applied to other pixels, 
in which caso th« display incurs 2091 or ^;ider dispersion of the 
driving voltase since 1.1 x 45?i = 49.556 in the fornser pixels and 
0.9 X 45% = 40,5?S in the later pixels* In this case, only a 



gr&dds sooxn$ to tie possll^ld* 

In order to doXve this problem, as d«8crlbad in Japanese 

Patent Application NQ.Hfii3-209a70^ th« inventors proposed for the 

m 

driving device to collact information about characteristics of 
respective pixels aad input the information into an external 
memory device. The input data signal are processed in advance on 
the baais of the information and oiitputtsd to th« raspeetive 
pixels in order to malce correction. The data proceaaing, how^vsr^ 
is so complicated that peripheral circuits rauat carry heavy 
burdens, ?ixrtharniore , it tal-ces a siibstantial time to examine the 
respective pixels and input correction data. For exajnple, if the 
examination and th« datA input for one pixel takes, one second, 
the total time of 85 hours is necessary in the case of a panel 
having 640 x 430 pixels resulting in a significantly increased 
cost. 

It is an object of the present invention to provide an 
electro-optical device (iiquia crystal display) sultaDle for 
digital grading* . 

It ie another -object of tha present invention to provide 
a method of driving an electro-optical device (liquid crystal 
display) suitable for digital grading. 

It is a further ohject of the present invention to 
provide a method of manufacturing an eleotro-optical devioe 
(liquid crystal display) with a high yield. 

Additional objects, advantages and novel features of the 
present invsntlon will be set forth in the description wnlcn 
tolicvSi and in part will become apparent to those skilled in the 
art upon examination cf the following or may be learned by 
practice of the present invention. The object and advantages of 
the invention may be realized and attained by means of the 



instr\iniantalitias and comtoinatlons particularly polntetl out In 
the appended cl&ims* 

To ao2lidva th» foregoing and oth«r objsct, and ±n 
accordance with the present invention, as embodied and broadly 
described herein, in "an electro-optical liquid crystal display 
laaying a rirst substrate on wtilclx a plurality of electrode pads 
ar^ formed in order to define a plurality of pisoie arranged in a 
matrix, a second substrate on which an opposed electrode 
arrangement is formed, an elftctro-optical modulating layer 
(liquid crystal layar) disposed between ths Tirst and s&cond 

substrates, and a control circuit for supplying driving voltaiges 
to the olsotroda pads r©sp«ctiv$ly , th« aontrol circuit comprisos 
a plurality of addressing lines for scanning the pixels by 
sequentially supplying an addressing signal to the pixels 
arranged in each row of matrix to be addressed, a plurality of 
data lines for supplying data to the pixels arranged in the rov 
addressed by th« addrassing signal, a plurality of voltage 
supplying lines for supplying a driving signal to the pixels 
arranged in tha ro?*? addressed by tha addressing signal and m^ans 
for selectively connecting or disconnecting tne electrode pad of 
each pixel with a corresponding cne of tho voltage supplying lin* 
in ' accordance with data supplied from the data lines when that 
pixel is addressed by the addressing signal. Particularly, the 
means comprises a plurality of second transistors provided 
respectively for the plurality of the pixels, each second 
transistor being connected bdtwaan a corresponding one of tue 
electrode pads and a corresponding one of the voltage supplying 
linae and a plurality Of first transistors provided for the 
plurality of the pixels respectively, each first transistor being 
connected between the gate of a corresponding one of ss^id second 

transistors and a corresponding one of said data lines ^ the gate 
of said first transistor being connected to a ccrrssponding one 
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of 3&id addressing line* 

The alactro-opttcal liquid crystal display in accordance 
vith the present inrantion is particularly auitablo for 
displaying fia»ly graded images. The plurality of pixels aro 
arraixsed in a matrix and supplied with data signals througli the 
data lines extanding in the coiurm direction • Extending In the 
row direction are a plural i-y of the address Ing linea and a 
plurality of tha voltags signal linas. Haeh rov is saiacred by 
act-ivatlng sach of the addressing lines and supplied with a 
driving voltage from eaoh of tho voltage supplying linos. 

Referring now to rigs.aCB) and 2(c), a typical example of 
a circuit for controlling eaoh pixel of the liquid crystal 
display in aeoordance with the present. inTsntion will he briefly 
explained* Fig,2(B) is a schematic circuit diagran shewing one 
pixel of the liquid crystal display. Pig, 2(C) is a graphical 

diagraja showing voltage levels appearing at respective nodes of 
the circuit diagram during operation. Tha display comprises a 
nuirbar of such pixels arranged in a matrix. A particular column 
can be made active by activating a corresponding one of the data 
lines wnareas a particular row can ue made active 'oy suitahly 
activating the correapcnding addressing line Vq and then the 
corresponding voltage supplying lizifi v^^. 

The circuit for driving one pixel as shown in Fig. 2(B) 
comprises a first n type thin film transistor Hr^^ and a second n 
type thin film transls-Lor Trg. The first transistor Tr^ is 
connected with the data line Vj^ at its drain, the addrosaing line 
Vjj at its gatie and the gate of the second transistor Trg at its 
source in order to transfer a voltage level at the data line 
to th« gate of the second transistor Tr^ when addressed tty the 
addressing line Vq. The source and the drain of the second 
transistor Trg are eonndctad to the electrode pad of a liquid 

crystal LC and the voltage supplying line V^^. The electrode pad 
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is rarmed to detine one pixel in the liquid crystal- 

Tbe oirsuit oporat«fi as follows, Whon zddrB&u&a (given a 
. ^ positive gate signal Xrom "She aaclr^Baing line Vq) , tlie first 
transistor Tr^^ is turned on to transfor tha data level at tha 
data, line Vp to the gate of the second transistor Trg- If the 
data leval is the second transistor Trj is turned on to 

supply the pixel with a voltage at the voltage supplying line V^^q 
in order to activate the pixel. On the other head, if the data 
level ia "0^'j the gdoond transistor Tr^ is turned off. The 
voltage at ths gate of the second transistor Tr^ is maint^iined 
when the addressing voltage is rsmovod from the addressing lin$ 
Vq to a:irirsss subae^uent rows. 

In accordance with ths above structure, the signal level 
at the respective data line is not diractiy transmitted to the 
pixel so that the timing of the signal operation is significantly 
relaxed. Namely, even if the voltage level at the respective data 
line deviates from the predetermined level j the pixel is supplied 
with a constant driving vcltage as long as the deviating level 

can rurn on the second transistor Tr^. 

Hamely, as discussed abov$, the pulse vidth of the 
addressing signal is extremely short, a.g, 70 microseconds for 
typical cases, or frora shorter than tenth to several-hundredth 
that of tha typioal oases for digital grading. The voltage level 
supplied to the respective pixel tends to fluctuate because of 
such a short operating time. 

on the other hand, it is understood from analysis of the 
operation of the display in accordance with the present invention 
mat even if, the pulse width of an addressing signal applied to 
the first transistor Tr^ is also very short resulting in 
variation of the resultant source voltage level, the source 
voltage is not directly transferred to the pixel but applied to 
the gate of the second transistor Tr^j instead and therefore is 
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enough as inng as Its lowest level can aontrol the oper«Ltlon cf 
^he second traaai^tor Tr^* 

If fiUf^n conditions &ra satisfied, a constajit volts^gs can 
b« supplied to th* respective pixala from the voltage eupplying 
lines by controlling ths on/off operation of i:h9 second 
transistors, Accordingly, the voltage supplied to each pixel is 
not dictated by the signals fron the data lines » The signals from 

ZHe data lines only determine the cn/off condition of the second 
tretneistora. 

F^irthermore , it should be noted that the switching speed 
of the second transistors may be substantially lower than that of 
tha first •cransiators . Tha second transistor can perforn! its task 
even if it operates after cojnpletion of the on/off operation of 
thd first transistor sinea electric charge is trapped at the gate 
cf the second transistor Tr^ after operation of the first 
transistor* Accordingly, the second transistor can be an 
amorphous silicon semiconcLuctors TFT having a slow s-wltching 
speed even for digital grading with 32 gradss. 

Furthermore, tJie load upon the first; transistor of 
fig. 2(B) is significantly reduced as conipared with that in 
conventional configurations. Prior to tha present Invsntlon, 
electric charge must pass through the transistor addressed within 
a time shorter "Chan 70 microseconds to tha pixdl. Electric charge 

passing through the first transistor of the present invention is 
accumulated in the capacitance formed between the gate and the 
dram ox tne second transistor ^^g* e^tample, the capacitance 

associated with each pixel is 30 times aa large as that of the 
capacitanca rormed between the gate ana the drain of the second 
transistor Tr^ in the case that the area and the thickness cf the 
electrode pad of eacti pixel are 300 micrometers x 300 micrometers 

3.nd d micrometers respectively and the area and the thickness of 
the gate insulating fllTn of the second transistor are 10 
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snicromfttera x XO miorcmeters ud 0,2 2nioroxn«t«r8 . Thd ra^tlo 
isetve&n these capacitances Is furtlxermore increased to i£0 if the 
area of the gate eiactrods is deoreeaed to a xnioromet^ra x 6 
Tnicromatsrst . 

It will be apparently xmderstood that heavy ioada are 
oarri«d on thd transistors in conventional cases. Cn ths other 
hand, in accordance vith the prasent invention, the load is 
decreased by a factor of 30 to 120 or more. This means that the 
switching speed of the first transistor can be substantially 
increased to 30 to 120 tiinee that in the oonvaation^l ca$d& in 
which digital grading can not toe realized with amorphous 
transistor whose mobility is very low. 

The electric charge to ise passed through the first 
transistor, however, is significantly small in accordance with 
the present invontion ao that the a]:>ov« problem is not the case, 
AccordinEly, it is possible to drive amorphous silicon TFTs even 
to realize 64 or more grades. Amorphous silicon T7Ts can be 
produced at relatively low teiaperat-ures as compared with 
pclysilicon TFTSj so that massproduotion is facilitated to obtain 
a high yield and rsduca the production cost. 

The second transistor, on the other haad, can 
»uf f iciontly perform its taslc if its switching speed is no lower 
than one hundredth, preferably no lower than twentieth, that of 
the first transistor. The ajnount of electric charge passing 

through the second transistor is substantially equal to that in 
conventional cases, since the switching speed required of the 
seoona transistor is very low^ however, amorphous silicon Trxs 
can be ein^loyed for digital grading with 32 grades. The switching 
speed Of amorphous silicon TFTs is usually atsout TO microseconds 
which is only 7% of the minimum oyole of the 32 grade digital 
grading, i.e. 33/32 miliis^confls (a^out. l millisecond), so that 
auch higher grading can be realized with no problem* 



TJie ciiannei -width cam be increased for the purpose of 
ittoreasins thd driving capability of the translator TPg, Care 
must me paid in this case beceiuse the C2.?€tcitemce beween the 
gate and tho drain of th© second transistor Hv^ also inoreased 

resulting in a heavy load on tns first transistor Tr^. For 
exeunpla, if the ohannel width is increased by a factor of 5 to 
obtain 5 tim«s tha driving capability, the load on the first 
transistor Tr^i is also increased by a factor of 5 so that the 
effective switching spaad of the first transistor Tr4^ is reduced 

to Z0%. 

Befarring to Fig. 2(C), a mathod of driving the liquid 
crystal display as illustrated in Fig, 3(B) will be described, The 
addressing line V^j and the data lino Vr^ a.r« supplied with similar 
signals as in a conventional display. The signal supplied through 
the data line, however, ia a pure digital 0 or 1 which simply 
turns off or on tha second transistor TT2* Tna voltage source 
line (voltage supplying line) V^q is supplied alternately with a 
positive signal or a negative signal' in synchronism with the 
addressing signal on the corresponding addressing line Vq, The 
signal on the voltaga supplying lino, howovor, is set at 0 during 
ths tirrta when the addressing line is supplied with an addressing 
pulse. Reference letters Vq to in Fig* 2(C) oorrefipond to 

similar letters vrlttM in Tig.zCB). 

The voltage levels at respective nodes change during 
operation as follows w The voitaga V^^ at the source of the first 
transistor Trjt (i,a, at the gate of the sscond transistor Tr^) 
rises as solid line, then lightly drops responsive to 
disappearing of the addressing signal and gradually decreases due 
to discharge through the -sransistor Tr-^. 

On the other hand, the voltage level at the source of the 
second transistor (i.e* at tho alactrod© pad of th© pix«l) 

changes as roliows, First, the second transistor Tr^ is turned on 
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siace the source of tiae firsx transistor ir^^ rises. Next, since a 

arlTlng roltage i» supplied to the voitage supplying line, the 
electrode pad is charged to a prsdot^rrained lav©!, in tftis 
Goiuiectlon, It is noted that since the second transistor Trg is 
already tuned on when the driving voltage is supplied, tho 
charging tisie is dictated toy the or. resistance of the transistor 
Tr^ and the capacitance associated vith the eiectrcd© pad, 
resulting in a. rapid onset. 

The driving voltage is supplied to the voltage supplying 
line only when a certain time elapses after the addressing signal 

disappears • Ot course, it is also possible to supply the driving 
voltage Just after the addressing aigr.al disappears* When finely 
grading is performed means of high speed TJTs as the second 
transistor i^a- aooordance with the digital control taohniqu*, 

particularly such a technique as described in Japanese Patent 
Application Nos ,Hei3-ie3S70 tc 103373, however, tha lat^r 
altornatlva timing is not so good. 

For example, consider a digital grading with 64 grades. 
The minimum periodic cycle of the addressing signals is 50Q 

microseconds. Altlioiigh the pulse width of the addressing signal 
is about 1 miorosecond in the cae© of a matrix having 480 rows, 
the first transistor Tr^^ can perform its task because of the 
light load thereon as explained above. There arieee no problem, 
even if tae source of the transistor Tr^ rises not so much, as 
Ions as the second transistor can be driven. Accordingly, the 
source of the first transistor Tr^^ is considered to sufficiently 
rise to drive the second transistor Trg. 

In the case that the second transistor Trg is designed 
only to have a switching speed of 70 microseconds; there are 
formed a nusnber of euoh transistors with in an actual panel and 
some transistors azncng them may have switching speeds as high as 
60 isicrosecondB . Such disparity of switching epsed originates 



from production variation such as differences in mobility due to 
slightly differences in quality ot tne active region, difference* 
in ciiannel length and channel xidth due to flight variatioa of 
phctomaslifi . In this oaa«, if ttis arivLng voltage is supplied to 
the voltage supplying line jusi; after tlie addressing aignal, some 
traaasistor Tr^ having ^0 mioros^cond swi toiling spood isa turned on 
10 microssGond artsr other transistor Trg on the sane panel 
having SO mioroseooad switching spood is turned on. Tha 
diff«r«as9 of 10 microseconds is aqua! to 256 of the periodic 
cycle of the addressing signal. 

The prohlsmatic 2% dispersion makes the C4 grades 
msaningless because the time dispersion of voltage application to 
the pixels must limltod to 1.65^ in ordsr to actually realize 
84 grades> Of course^ the problematic dispersion can be 
suppressed by sifting out productions resulting in a high cost to 
maie even the switching speeds* The production cost, however, is 
significantly increased* 

On the otliar hand, if the driving voltage is supplied to 
the voltage supplying line when a certain time (80 or 100 
niicroseconds) elapses after the addressing pulse disappears, all 
the pixels are given the driving voltage substantially at the 
same tim point in each cycle. In this caso, the proiDlematie 
dispersion Is dictated only by factors such as the on resistance 
of the transistor Tr^ and the capacitance asBociated with the 
electrode pad. TRe an rsslsrance and tiie capacitance are of the 
order of 10^^ olim and the order of i0*l®P so that thft time 
constant is about 100 nanoa^conds. 

Accordingly, even if the time constant is dispersed from 
pixel to pixel, the problematic dispersion is no larger than lOO 
nanoseconds unless the dispersion of the time constant does not 
exoeed 50^. 100 nanoseconds is extremely small as compared with 
the periodic cycle of 300 microseconds (o,02?S) and meets the 



requirement of within 1.6X. Accordingly, it is effective for 
finely grading to supply the driving voltage a certain time after 

the addressing signal disappears. 

Similar attention has to be paid whon the driving voltaga 
is re3nov6d. Namely, a certain time parioa aeflning a space 
duration is provided between the removal Of the driving voltage 
and tho application of the addressing signal tn order to 
discharge electric charge accuiRUlated in the electrode p&d of the 
pixol* If tho driving voltage ia supplied to th* dldctroda pad 
when the addressing voltage is supplied to the gate of the first 
transistor Tr^^, the electric charge remains at the electrode pad 
In tne case tnat the data signal on the data line Vq is 0 and 
turns off the second transistor Tr^* In order to avoid suoIl a 
cas0, electric charge accxuu-ulaxed at tlie electrode pad la 
discharged for the certain time period v interposed between the 
driving voltags signal and tli« addrassing signal. Tlie certain 
time period t corresponds to the tisne constant as discussed 
abovo . 

In the next cycle, the driving voltage is inverted. The 
negative driving voltage is supplied to the drain of the second 
transistor also the certain time period after the addressing 
signal. The data signal need not be inverted unliice in 
convantional displays. 

As SQ«n from ?ig.2{C}! voltage drops are observed only in 
the gata voltaga of tlao B«cond transistor Tr^- Tba driviiig 
voltage applied to tns electrode pad of the pixel exhibits no 
5UCJ1 variation and tio reduction dud to natural disoharga. This is 

because the driving voltage is continuously given from the 
voltage supplying line in accordance with the present invention 
whereas the voltage at the pixel is supported by electric charge 
locked by a tranaiator being turned off in conventional cases. 
TRa present Invention Just features this difference. 



Furtliarmore, brokan Una is plotted in the figuret for the 

purposa of showing possible poor characteristics of a first 
transistor Tt^. Namely, becausa of the poor characteristics, the 
source voltage can not reach to the drain voltage and is largely 
influenced by voltage drop when tha addressing voltage 
disappears, tollowea by a relatively large natural discharge. In 
acccrdarxce ^ith a conventional display having such a transistor, 
dispiaysd images cojnprisfi Irregular colors so tha:: the display Is 

net accepted* As seen from the fig-ure^ however , the pixel driven 
by such a tr«msistor can operate with nc trouble. Namely, even if 

the transistor Tr^ exhibits such poor characteristics as shown by 
broken line, there arise no problem as long as the source voltage 
can drive tne second transistor Tr2. 

Aa seen from the figure, even if the source voltage is 
lowered as plotted with "broker, line, no inriuence appears on the 
driving voltage at the electrode pad of the pixel. The voltage at 
the data line is preferably selected, in oraer tc guarantee that a 
most poor one of the firat tranai3^o^3 can drive t5ie 
ocrrespcnding second transistor, Cf course, tha voltage must not 
be selected to destroy the transistor* 

In accordance with experiments conducted by the 
applicants using small seals liquid crystal panels with 100 
pixels (10 rowa x 10 coluirvns) , it waa very easy to form nine for 
each ten transistors, functioning as tne first transistor Tr^, 
capable of providing SV or higher voltage at ita source during 
operation of the panel in the case tnat tna addressing vcltage 

and the voltage at the data line corresponding to 1 are 15Y and 
lOV respectively. The yield was no lower than 9o?4, In this case, 
when the voltages applied to the gate and the drain of the first 
transistor were furthermore increased by 57 respectively, the 
yield of the transistors providing 5V or higher was 39% without 
no des true ted sample « 
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Sxperlnjents were oonduoted for reference by constructing 
a CQuveatiotuil typa liquid crystal display with transistors 
having such poor characteristics. As a result, cnly 60% of 
transistors could provide voltages at corresponding electrode 

pads vithiii a range of ±0»$ V ^rom the arerage voltage of 7. a V. 
This maanc that 4,0% of thd transistors were inappropriata aven 
ror realizing only 3 grades. When, panels were selected in order 
that at least Q0% of transistors met the requirement of 7,2 ± 0,8 

V, th0 yield was signif icanTiiy decraasea. or course, such 

experiment « were not conducted at "beet oonditicne eo that it may 
bQ possible to improve the reaiuit to some extent. The production 
cf Siore large panel liquid crystal displays, ho>?eyer, is 
considered tc be very difficult, 

Prom the conventional view point , jsuch a configuration 
having two transietcre for on© pixel :iiight z&cm to have adverse 
effects far increasing tHe yield. The requireinent upon the 
characteristics of the transistors j however, is significantly lo«^ 
so that the yield is not radacad ^y the conf isuration. 

The present invention is therefore baaed upon the concept 
that if a certain pixel is selected to be active, a constant 
voltage should be always applied to that pixel. Accordingly, it 
is ayoided that the voltage level at xhe pixel gradually 
decreases due to discharge* In accordance vith the present 
invenjiioa, the yield ie signif ioantly improved as compared with 
those or convsnLionai analog or digital systems. The displays in 
accordcmoe with the present invention can maintain a sufficient 
grading ability even with T^Ts having poor characteristics, and 
as a result the yield and cost performance are aignif ioantiy 
improved. It is also advantageous tc manufacture displays having 
qualities no lower than those of conventional displays only with 
a lower manufacturing cost. 

If TFTs are formed by ae If -alignment proceaae« in the 
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manufacturing metlicd of the present inventioni the liquid crystai 
displays » manufaotUTdd bacona fxirthornor^ axcdllsnt in 

V oparation At high f rsa^iencles and in realizlns finely graded 
images. Evan if poly'sillcon T?Ts are formed by non-salf-alignment 
processes in tfie manufacturing metnoa or tlie present invention, 
it is possible to display clear images in S4 or mor« gradas 
without particular difficulties at a cost which is no higher than 
or significantly lower than that of conventional analog aystema 
capable of IS graded imagea. Also o^en if amorphous silicon TFTs 
are formed by non^self-alisnment processes in th« manufacturing 
method of the present invention, it is pceeibl« tc display clear 
images in 18 or mors grades at a low cost. 

■53X1:J„ PESCHIFTION OF THE DRAW_XNl3^ 

The accompanying drawings, which are incorporated in and 
form a part of the invention and, together vith the ciescrtprion, 
serve to explain the principles of the invention. 

Figa*i(A} and 1(B) ara a ashamatic circuit diagrani and a 
graphical aiagram showing a prior art electro-optical liquid 
crystal display. 

Fig. 2(A) is a cross sectional view shoving a general 
configuration of an electro-optical liquid crystal display in 
accordance with the present invention. 

Figs, 2(B) and 2(C) are a schematic circuit diagram and a 
graphical diagram showing an electro-optieal liquid crystai 
display and its operation in accordance vith a fir&t erabodiJneat 
.of the present invention. 

Figs. 3(a) and 3CB) are a scheniatic circuit diagreun and a 
graphical diagram showing an electro-optical liquid crystal 

display and its operation in accordance with a second embodiment 
of the present invention. 

Tigs. 4(A) to 4(C; are a schematic circuit diagram and 
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graphical diagrams for expiaiaing in details the operation of tiie 
electro-optical liquid crystal display in accordance with the 
firat ambodiment of the present invention* 

Fig. 5(A) is a. schematic circuit diagram shoving an 
elactro-optical liquid crystal display In accordance witu a third 
embodiment of the present inyention. 

Fig,5(3) is a scheniatic circuit diagram shewing an 
electro-optical liquid crystal display in accordance with -a 
modification of th« third om'ocdimant cf th« prasent lnvent.ion. 

Figs.C(A) and 5(S) are a schematic ciroiiit diagram amd a 
graphical diagram showing an aloctro-optical liquid crystal 

display and its operation in accordance with a fourth ambodiment 
of the present invention. 

Figs. 7(A) and 7(2) are a scnematic circuit dieigranj and a 
graphical diagram showing an electrc-cptical liquid crystal 
display and ita oparation in a.ecordanca with a fifth embadlisent 
of the pressnt inTsntion- 

rig* 8 is a schamatic diagram showing a grading operation 
Of an electro-optical liquid crystal display in accordance vith 
the present invention* 

Fig, 9 is a parspectiva view showing the external 
appearance of an elsctro-optical liquid crystal display in 
accordance with the present invention* 

Figs. 10(a) to 10(I>} and Figs • 11(A) to Xi(15) are cross 
saotionstl vievs and plan views showing a method of manufacturing 
an electro-optical liquid crystal display in accordance with the 
present invention. 

Figs. 12(A) to 12 {D) are cross sectional views showing a 
method of manufacturing an electro-optioal liquid crystal display 
in accordance with the fourth einhcdimsnt of the present 
invention* 

Figs, 13(A) to 13(C) are plan views showing a inethod of 
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rDanuracturing an electro-optloal liquid crystal display in 
accordaace with the fifth embodiment of tlia pr«g©at invention. 

Figs. 14(A) and 14(B) are a cross sectional view and a 
plan view showing an eiectrc-cptioal liquid crystal display which 
can be manufactured without opening contact holes, 

DETAILED DgSCRIPTIOy OF THE PRSIFgRRgP SMSOBIMSNTS 

A twisted nematic liquid crystal device in accordance 
with the present invention Is sshamatioally illustrated in 
Fig. 2(A), a glass substrate I is provided with an electrode 
arrangement 2 made of indium tin oxide. The electrode arrangomant 
2 eomprises a number of electrode pads arranged in a matrix and 
defining pixels of the display. The inner surface of the 
substrata 1 is coated with polyimide film 3 over the first 
electrode arrangement 2. An orientation control surface is formed 
by rubbing tha polyimid^ film 3. Anothar glass substrate 4 is 
prepared in the same manner but with an cpposed electrode 5 which 
is QcmmoR to the roepeotiv© pixels » Th9»9 substratAs i and 4 are 
joined in order tnat the rubbing directions are perpendicular to 
each other* When a twisted namatic liquid crystal matarial is 
disposed batween the first and second substrates, the liiiuid 

crystal molecules are aligned parallel to the rubbing directions 
at the both surfaces of the substrates so that a hslix is formed 

bst^ween the substrates with a minimal energy condition of the 
liquid crystal maleoulefi to modulats an incident lis^t passing 
Xhroufih the liquid cryswal layer, If the electrode pads S of 
selected pixels are supplied with a driving voltage, an aldctric 
riaid is formed between the opposed electrode and each electrode 
pad ao tliat the molecules of the liquid crystal are aligned 
normal to the substrates to pass an incident light without 
modulation. 

The present invention relates particularly to a tacnnique 
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to the circuit for supplyins the driving voltage to each pixel. 
The details of tho oirouit will be d«soribd<l haroinaftar in 

Referring now to Figs. 2(B) and a(C), a liquid crystal 

aispiay in accordance witli a rirst emi^odiment of the present 
invention will be explained* ?ig.3{3) is a schomatio oirouit 
diagram showing on« pix^i ot tn^ liquid crystal display, Fig.acc) 
is a graphical diagram showing voitaLge levels appearing at 
respectiv© nodfic of tha circuit diagram during operation. The 
display CDHiprises a number of such pixeljs arranged in a matrix. A 
particular colu^in oan bd mad* active by activating a 
corresponding one of the data lines whereas a particular row 
can be made active by suitably activating the corresponding 
addressing line Vq ana the corresponding voltage supplying line 

Tha circuit: for driving one pixel as shown In Fls.2<BJ 
comprises a first n type thin film transistor Tr^^ and a second n 
typd thin film transistor Tr^- Tho first transistor Tr^^ is 
connected with ttie data line Vjj at its drain^ the addressing line 
Vq at its gato and tiia gata of the second transistor Tr^ at its 
source in order to transfer a level at tha data line to the 
gate of the second transistor Trg when addressed by the 
addressing line Vq. The source and the drain of the second 
transistor Trg are connected to the electrode pad of a liquid 
crystal Z.C and th« voltage supplying lin« V^c' electrode pad 

is forsied to define one pixel in the liquid crystal. 

The oirouit oparatos as follows. When addressed (glvan a 
positive gate signal frcin3 the addressing line v^) , the first 
transistor Tr^ is turned on to transfar tha data lav»l at th« 

data line to the gate of the second transistor Tr^. If the 
data level is tha second transistor Tr2 is turned on to 

supply the pixel with a voltage at the voltage supplying line 



In order to &otiva.ta tha pixel. On th* otiiar haxict^ if tti6 aara. 
leyel is "o", the second transistor Trg is turaed off. The 
yoIta.g« &t the gate of thd ssoond translBtor Ht^ iA&inta.inad 
whan ttie addressing voltaga is removed from the addressing line 
tc address a next row, 

Flg.2CC) Illustrates signal levels at respective nodes 
and tlie relat ionahip amoag these isignalg. Aa shovn in the figure, 

tiiA voltage supplying itas v^^ is altsrnatlvaiy set at a positive 
lavsl and a negative level. Each signal is jneint^iirLed for moat of 
one frame except for a certain time period around puis^ 

appearing at tlie addressing line V^, The pixel is reset at Q 
during the certain time period vlth V^^^ a 0 when the pixel is 
addressed by the addressing line Vq. in this regard, therefore, 
it is noted that the activated pixel is supplied vith the 
positive or negative vol-cage from the voltage supplying line Yj^q 
for most of the frame length so that, even if current leakage 
occurs, th<& voltage shall not he dacreasad as long as the 
transistor Tr^ is turned on during frames. Fig. 2(c) is detailcdly 
explained also in SUMMARY 0? TH2 INVENTIGK. 

In the configuration illustrated in Fig.2<a)t two signals 
lir-s Vq and have to be formed for one row and therefore such 

a configuration seems to decrease the aperture ratio of pixels. 
In the configuration of conTenticnal displays utilizing amorphous 
silicon TJTs> the similar protilein is also the case since an 

additional line i» formed in psxrallel to an addressing line in 
order to forni a eupplementai capacitanca ta cope with a parasitic 
capacitance associated -with the TFT. 

This problem is solved by employing tue circuit shown in 
Fis^aCA) illustrating a second embodiment of the present 
invention, In this circuit, each pair of adjacent pixels in a 
same column are formed to share a same voltage supplying line 
V^2' other elements are constructed in the sasne manner as those 



of the first embodiment. By employing such a configuration, the 
density of horizontal lines is reducsd by 25^. In the ssunc 
manner, three or acre pixels on a aama column oan sharft a ooiamon 
rolta^a supplying line by mcdifying the circuit design. 

In this case, sinca one voltage supplying line supplies a 
ariving voltage for uwo rows, ttie driving voltage has to be 
grounded, when the tyfo rows are addreaaed, in order to discharge 
aldorric ch&rgo accxunulatsd in thesa pixels. Nain&ly, ZhQT^ Is a 
space duration at the voltags supplying line Yj^q correaponding to 
the addressing puless to tho addressing lines and V^. , 

In ffig.sCB), an addressing signal is given to ths 
addressing line Vq vith the data line baing 1 so that tho 

first and second transistors Ttj^ and Tr^ are turned on. Next, the 
addressing signal is removed from the addressing line and, 
instead, given to the next addressing line v^? so that tne first 
transistor Tr^ is turned off and the next first translator Tr^i 
is turned on. The second transistor Tr^ is xhsn maintained zurnefl 
on for the frame in order to tranasnit th.a roltage level from the 
voltage supplying line to the pixel. Although tha first 
transiS'COr Tr^^* is turned on, the corresponding second transistor 
Tr^* is not turned on because ths data line is set at 0 in this 
tijss and therefore maintained turned off for ths fraine after the 
first transistor Trl* is tia^nsd off so that the voltage level V^j 
at the lower pi:xei is maintained at 0, 

In the ne:x:t frame, the data line is set at 1 when the 
addressing line V^, is addressed so that tJie first traaslstor 
Tr^^y is turned on and transmit 1 to the gate of the second 
transistor Trgi * If the characteristics of the transistor Tr^i 
are not good, the gate of the s^scond transistor Tr^^ may be 
elevated only to a low voltage levol as illustrated with broken 

line in the figure, The second transistor Tr2', however, can be 
turned on, as long as the voltage level ? reaches to the 
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threshold Toltage of tha sacond traasittor, And tnarafora tHe 
voltage level Ygi can elavated to the level of the voltage 
supplying line a» illustrated with broken lina. 

Tha operations of the first transistor and ths second 
transistor will be analyzed belov with reference to Figs. 4 (A) to 

4(0). The parasitic capacitance betveen the source and the 
gats of thfi transistor Tr^ and the paraaitio capacitanoo C2 
bfttwaan tho drain and tSd gate of the transistor Trg are 
illustrated in ris.^(A) with hroken line. Because of the 
capacitance C^, th« voltagd drop at the source of rhe first 
transistor Tr^ is caused as explained before* The voltage drop 
iw calculated by ths following ©quatxcn. 

The capacitance is dictated by the area of the gatd 
elsotrod« and the thickness and the dielectric constant of the 
gate Insulating film cf the second transistor Trg, In acoordance 
with the pr«s«nt invai^ition, the configuration or tn© transistor 
Xrg is designed in order tha-s ths capacitance is relatively 
small, e.g. no larger than 1% of the capacitance associated with 

the pixel. With this configuration, the display can be driven 100 
times as faster as conventional displays- 

In this case, however, the capacitance Ct can sometimes 
not be neglected as cojnpared with the capacitance Per 
exanipla, the capacitance C^^ may -be equal to the capacitance 
2n a conventional display, the transistor addresssd by the 
addressing line has a capacitance which is always SMller than 
that of the pixel at least by one order of magnitude, so that the 
voltage drop is not so large. If the capacitance C-^ equals the 
capacitance Cg, the Toltage drop is half the voltage applied to 
the gate of the first transistor Tr. , Fig. 4(B) illustrates the 



variation of the soured lavai in reaponae to the pulse 
application to the gd.te of the fir^t transistor Tr^^. The 
addressing signal is assumed to bd 30V. Ths data signal is 

assiunfiid tc be 20V. The sourca level of the transistor Tr^, than 

rises to 20 V (V3) in response to the pulse of 30V at the gate. 
The source level, however, drops down ^o 5V (v^) after the gate 
volxage is removed because of & voltage drop equivalen-s to half 
tha gat© voltags, 30V. Such sltiuation is not farai to the display 
in accordancs with the present invention as long as 5V is 
sufficidttt to turn on tha aaeond transistor Trg. jSamely, 
irrespective of the variation of the source lerela of the first 
transistors in the pixale of a pan«l, th<a saeond transistors can 

be equally turned on, unlike conventional displays whose quality 
reflects the disparity of the characteristics of the transistors. 
Furthermore, even ir the data signal of the present Invention is 
increased to a high voltage level to. oope with the worst 
transistor, th© high voltage is not directly applied to the 
liquid crystal so that ths liquid crystal is not damaged by the 
high voltage. Namely, in this cas«, the JiigiJ voitaga is applied 
*o the gate electrode of the second transistor Tr^ which has a 
withstanding voltage from saveral timos to ten and saveral timas 
as high as that o? the liquid crys"::ai* 

On the other hand, the high voltage such as 30V is not 
desirable from the view point of power consumption and damage to 

other circuitry or a human body. This problem can be solved by 
inverting the driving voltage supplied from -che voltage supplying 
line as will be explained with 5ig.4(C), Namely^ if the data 
signal supplied from tha data line Vp is negative, the absolute 

value of the voltage at the source is increased by the voltage 
drop as illustrated in Fig. 4(C). When the driving voltage and the 
data signal are +5V and -5V, the final voltage of the source of 
the first transistor becomes -7*5V. In this case, data may be 



supplied trom the data lina ia tarras ot binary atatea 
corresponding to tlie source level of the first transistor. Th« 
secon«i translator therefore has to he soleotivaly turadd on or 
off in raspons^ tc the negative ToltaSe aJ^d tM ground. For 
example, the second transistor may be a p-channel enhancement 
mode transistor or an n-channel depression niode transistor. 
Anyvay, it is an advantage that hoth the addressing line and the 
data Una can bd driven by a sin^la vclta^s scares of 3V, 

When the addresslns line is adirsssed ^fith ths data line 
being 0, the aouroe cf tho first transistor Trj_ is pushad down to 
-2.5V due to the voltage drop, in this case, the p-type second 
transiflftor m&y be t-arned cn in error and tranemit tho driving 
vcltagd to th$ pixal, if it is a polysilicon transistor having a 
threshold TOltage higher than -2*5V, Such a trouble can be 
avoided by supplying a positive voltage s-ach as +2,5V to the data 
line to g-aaretntee that the second transistor is turned off with 
its gate being at CV. Ths» data is supplidd in this cas^ tn tne 
data line In term3 or binary signals consisting of and -5V, 

In the preceding dsnbodimdnts , «leotric charge is 
exiininated from each pixel by groiuiding the vcl-aage supplying 
line just before the corresponding first transistor is turned on. 
The dl«etric charge can be mors positively eliminated as in a 
third embodiment cf the present invention illustrated in 
?ig,5(A). In this case, a third transistor tt^ is connected 

between the addressing line and the voltage supplying line. Since 
the gate of tho third transistor Tr^ is connected to tns data 
line, electric chares is eliininated during application of an 
addreasing aignal to th« transistor Tr^ . The parasitic 
capacitance between the gate ana the drain of the third 
transistor Tr^ causes a voltage drop. The voltage drop is 
neglacted because the capacitance associated with the electrode 
pad of the pixel is substantially greater than the parasitic 



oapacitancQ* Alt©rnativ«ly, a rssiatLanca ra^y l3e Inserted In 
parallel to tlie liquid crystal as illustr&ted in Fig. 5 (3). Saoh 
pixel comprises a oapa^itor comprifiin^ the electrode pad, the 
electro-optical modulating layer (llciuid crystal layer) and the 
opposed electrode arrangeineat . A resistor may be provided in 
parallel wlt2l tne capacitor tar each pixel* The time constant of 
the resistance and the liquid orystal ig preferably selected to 
be on tiifi aa^ne order as the time period of aae fr&m^, e.g. 3 3 
niilliseconds in usual mode displays* If more high speed discharge 
is desired a^s in digital grading, the time constant Is selected 
tc be as short as 000 microseconds for 64 grades or 125 
jRioroe^oonds for 256 gradas in order to obtain clear images 

without afterimaa^s and blurs. 

It is inf^possible in conventional displays to provide such 
a bypass resistance through which electric charge escapes* Since 
dispersion of such reeietanoes is usually about or higher, 

the voltages across the llQuid crystal at respective pixels are 
dispersed during one frame also in a SOW span. In accordance with 
the present invention, however, the voinage across the liquid 
crystal is supplied from zhe voltage supplying line and therefore 
the supplied vcltAgds are maintained for each frame. 

ri2i8(A) illustrates one pixel of a liquid crystal 
display in accordance with a fourth embodiment of the present 

invention. The pixel Is provided wi^h an enhancement type NMOS 
transistor as the first transistor Tr^^ and a depression type KMOS 
transistor as tne second transistor Trg. The plzel is driven in 
ths following manner as explained with reference to Pig»S(S). The 
pixel is addressed by a pulse of lov supplied rrom the address ins 
line. Data is given to the data line in terms of binary signals 
of +av and -8V, When a. lOV pulse is applied to the addressing 
line with the data line being set at the first transistor is 

turned on and thereafter turned off to generate the source 



Yoltage which risee arid than <irop3 as iiiustratad and 

explaiMd before* in this case» the source voltage rlaea to 
+8V and drops to 3V due to a voltago drop of 3V* The transistor 
Tr^ is turned on by ths vcltass and transmits the driving 
voltage from the yoltage supplying line to the pixel, since it 
operates in a depression mode, it tne aata signal at tne data 
line is -SV in the mx^ ?raine as illua-srated, the source voltage 
ie av«ntualiy sst at -13V due to a voita^s drop or 5V. Tne 
sscond transistor is turned off in response to the voltage change 
at the source and isolates tho pixel ?rcin tho voltage supplying 
Una. Of course, if the data line remaiiss at +67 also in the next 
frama as depicted with broken lino in tho figure , thd soeond 
transistor remains turned on to transmit the negative voltaga at 
the yoltage supplying line to the pixel. 

Fig.TCA) Illustrates one pixel ot a liquid crystal 
display in accordance with a fifth smfcodiment of the present 
invention. The pixdl is provided with CMOS transistors coniprislng 
an n-typs transistor as the first transiator tr^^ and a p-type 
transistor aa the second transistor Trg, Th^ pi:^ol is driven in 
the following manner as explained with reference to Fig. 7(B). The 
pixel is addressed by a pulse of lOV supplied from the addressing 

line. Data isf given to the data line in terms of binary signals 
of 4-3V and -SV. In this case, however, an negative voltage (-av) 
is given to the data lina in order to activate the pixel in the 
opposite manner as compared to the previous embodiment. When a 
lOV pulse is applied to the addressing line with the data line 
TDelns set at i-SV, the first transistor Tr^ is turned on and 
thereafter turned off to generate the source voltage v^^ wnicn 
rises and then drops as illustrated and explained before. In this 
case I the soTxroa voltage V^^ rises to 4-SV and drops to 3V due to a 
voltaEa drop of 5V, The transistor Tr^ is turned "off by the 
TOltags and isolates the pixel from the voltage supplying line 
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flo tha^ tiia pixel ramaina grounded. If tfts aat^a slsnal at the 
data line Is -6V, after discharge of the pixel vith the volta^* 
supplying lino baing groundad, in th6 next frama as illustrated, 
-he source voltags V^^ is avsntually set at -i3V due to a voltage 
drop of 3V, The second transistor is turned on in response to the 
voltage change at the gate and transmits the negative driving 
voltage from the voltage supplying line to th« pixol. Of coursa, 
if the pixel is desired ^o ce activated for the two frames as 
depicted with hrclEs&ri line in the figure, tho eacond transistor 
reaiains turned on tnrou^h the two frames to transmit the positive 
voltage and the negative voltage from the voita§s supplying line 
to the pixel. 

Next, exasiples of signals supplied to the respective 
lines of the liquid crystal display in accordance ^'ith t^he rirtn 
eisTDOdijnent or the present invention tc con»truc^ images in 32 
grades will be expiainad vith r«f franco to Fig, 8, Of course, a 
greater number of grades than 32 can be realized in the same 
manner. Details of this technique is deacribod in Japanese Patent 
Application No,Hel3"2a38S3 filed Oy the same applicant. 

It t^es 33 microseconds to construct an imaga of on« 
fraanop Fig.s illustrates signals appearing within one frame which 
is divided into five periods. The shortest period lasts for a 
unit time To as shown in the right of the figure, ine driving 
voltage is applied to the supplying line» e*g. for only 70% to 
$0% of the period for the abovo explained reason. Although ths 
otiiar four periods are Illustrated to have the sama width as the 
shortest period in the figure for convenisnoe, thesa periods last 
respactively ror ibtq, 2tQ, STo and 4To in fact. All the rows of 
the display are scanned one time T^ithin each period in the same 
manner. For example, when an addressing signal having 1 
microsscond pulse width is supplied to the addressing line of 
the row connected to the pixel with the corresponding data line 



Vjj bftiag at -J-av, th« «©cona transistor Tr^ is rurnel ott and the 
cff •condition ia maintained throughout th,^ shortest period . Whdn 
an addressing signal i« sttpplidd again to ths addressing line 
at the start of the next 16To period wii:h the corresponding data 
lina Vq beizig at -fSV, the cff-condition of the second transistor 
IS r-cirtnermora maintained throughout the ISTo period. The voltage 
across the liquid crystal is 0 during thaca periods. When an 
addressing signal is supplied asain to the addressing line at 
the start of the next 2To period with the corresponding data line 

bsing at -8V» the second transistor Tr^ is turned on and the 
on^condition is jn&intained throughout the period, Whon an 
addraaaing signal is auppliad again to the addressing line 7^ at 
ths start of the next STo period with the corresponding data line 

being at -8V, the on-ccndition of the second transistor is 
turthermore maintained throughout the 8To period. The liquid 
oryatal is suppliod with th« driving voltaga dxiring these 
periods . When an addressing signal is sxipplied again to the 
addressing line Yq at tha start of the nest 4To period with the 
corresponding data line Vjj fieins at ^^V, the second transistor 
Trg is turned off and the off-condition of thd second transistor 
is maintained throughout the 4To period. In this case* the liquid 
crystal is activated for total time of iOTo out of 3lTo. It will 
be understood that the total tijne can be arbitrarily changed by 

the unit time To from 0 to 31To in order to obtain a desired 
grade by suitably oombining the fivo periods. 

The unit period To is selected to be about a 32nd of one 
frame <33/32 milliseconds), i.e, about 1 millisecond. As 
axplainad in the previous embadlment, a space duration is 
provided between the addressing signal and the driving voltage. 
The space duration is selected to be 10 microseconds as shown in 
Fig, a. The driving voltage lasts for 0.88 rdillisecond within the 
To period. Exactly sayingi the space duration has to be selected 
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in proportion to th« langtii of each period in crUsr to obtain 
these grades in the ratios of vhoI« stunbers. For axaanplot tho 
I8T0 period is provided with a fipaea duration of ISO microseconds 
to iiave the driTius voltaga lasting for 15.68 milliseconds, which 
is exactly 16 times 0.98 millisecond. The space duration, 
hC^eTsr, may be selected commonly to be lO microseconds for all 
the p«r£oda since anyway the ispaca duration is vary short as 
ccmparad vlth theaa periods. For example, if the ISTc period is 
prorided with, a space duration of 10 microseconds to hav« tha 
driving voltago lasting for 15.98 milliseconds, the ratio is 
l:lS.i2 which is not so largely different irotti Is IS. 

The pulse width of tha addresslns signal is determined in 
accordance vith the number of rows. If the niunber is 430, the 
pulse width is calculated by To/490, i.e. about 2 microseconds, 
in the figure, the pulse width is selected to be 1 xnicrcsecond 
for the purpose of avoiding intcrferaaoe bdtwaen adjacent pulses. 
This requires high speed operations as compared with conventional 
cases of ao to 70 aiorcseconds' pule* width. In accordancd with 
the present invention, however, there arise no problem since the 
load of the transistor is eignif icantly light as cojjipared vith 
that in the conventional cases. Experiments were conducted 
utilizing low quality transistors* The voltage drop was 25% of 
the gate voltage. The source vclLage of tha first transistor is 
reduced to B0% of the initial level after time To and to SCK 
after tiroe 15To, The display, however, normally operated as 

illustrated In Fig. 8, 

The peripheral circuit for driving tha liquid crystal 
panel in accordance with the present invention has to supply 
suitable signals to the voltage supplying iinoe in addition tc 
the addressing lines and the data lines. If the panel is formed 
with polysilicon semiconductor thin film transistors in a self- 
aligmaent manner, the peripheral circuit can be formed at the 



•ana tiai© ir. oraar that particular care need not be -^aken for 
coupling th« circuit with the matrix of th« panal* If th« 
traneistors airo polysilicon tranaistcra forssad in a non-self- 

alisnment manssr or amorphous silicori transistors, the peripheral 
circuit must be saparately formed in firirer ics and externally 
connected, to the raspectivs terminals of th« panel. When the 
panel is dasignad to operate in a vary Jaigh grading mode such aa 
256 grades, even self-aligned polysilicon thin film transiatora 
can j2ct be used and particular external drivar ICs rcuat ii& 
provided Instead, in such a case, a licjuid crystal panel 901 is 
provided with the terminals of the addrsasing lins in ths l«ft 
sid« of ths panel and the tarminals of the voltage supplying 
lines in the right side of the panel as illustrated in Fis.9- 
Driving ICis for supplying addressing signals and driving iCs for 
supplying driving voltages are mounted respectively in the left 
sida of tho pandl and the Tlgnz sine of the panel. T2ie panel is 
divided Into two portions as defined by broken line in the 
figure. The "cwo portions comprises an upper panel and a lower 
panel wnicn can tie driven independently by data signals supplied 
from ICs motmted on both tho upper and lower sides of the panel . 
In this fashion, the upper and lover panels can be scanned in 
parallel so that the driving frequency can be reduced by half. 
This is particularly advantageous ir a higher grading is dssired. 

Nestr several methods of producing the circuit for 
supplying driving voltages to the pixel of the liquid crystal 
display ia accordance vith the present invention will be 
explained, l^heee .^nethod can be suitably carried out, with some 
mcditicatlon if necessary, in order to construct a variety of 
circuits including the above disouBsed en^bodiinente , ^-g- driving 
circuits cojnprising PMOS TFTs^ NMOS TFTs, depression mode MOS 
TFTs, enhancement mode MOSTPTs, planar type transistors, stagger 
rype transistors, or other type transistors having impurity 

as 



regtons fcrmeC In a salt-alianinent manner or a. noa-self -©ligament 
Manner- A first exawpl* ifi described with refersnca Fitf. 10(A) 
to 10(D) showing cross sectional views Of the circuit in 
raspective steps and Fig* 11 (A) to 11(D) showing corresponding 
plan views. In the figure, numeral lOT designate the first 
transistor which has been diaoussed above in detail* wbila 
numeral lOS dasigaata the second transistor. 

A blocking filni 103 is forrred on a glass substrata 101. 
Ths blocking film 102 is mada of silicon nitrida, aluminisn oxide 
or the iiie which oan block morable iona such as dodiuiifl ions 
oocarring in the substrat* frosn entering silicon semiconductor 

films 104 of 20 to 100 nm thickness which are formed on the 
bicoKing film 102 through an insulating film 103. The insulating 
filJTi 103 is formed from silicon oxide and function* to hinder 
formation of interfacial states wfeich could ot2i«rwia« occur 
bdtw««n tiae toiccKing film 102 and tne semiconductor film 104. 

Bach of th^ semiconductor films is fornied with drain, 
fiourc« and channel regions tnerein. The left film becoines the 
active reaion of the first thin filzn transistor while the right 
filffi becowmos th« active region of the second thin film 
transistor. The conductivity types and the other characteristics 
of the respective semiconductor regions are determined in 
accordance with the wnoie circuit design which will be fully 
understood from the previous embodiitients and therefore dispsnsad 
with hers, Tha su?23trata loi is then coated with an insulating 
filni 105 of 50 to 200 nm thickness funoticning as a gate 
insulating film over tha s»miconduotor Tiims 104, The gate 
insulating film is formed from eiiicon oxide, for example, by 
sputtaring or 2CR-CVD. Gata slactrodds 106 are made, for example, 
of a highly doped pclysilicon or a refractory metal such as Cr> 
¥, which are particularly suitable when formed in a self- 
alignment manner, as illustrated in Fig. 10(A) and Pig, 11(A). 
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After suit<tble oontact hcla* ara opened throu^ the 

insulating film 105 at the source 103 and the drain regions 104 
of the first transistor 107, a wiring lod and a data line lio are 
formed from a metal ty etcning in order ta niaK:e contact vlth the 
so-urce region 103 and the drain region 104 respect ivdly* Th» 
wiring lOQ is formed also to ina:Ke contact wltn tne sate electrode 

106 of the second transistor 108 in order to connect the source 
of the first transistor to th« gate fil^etrode of tJhQ second 
transistor as illustrated in ?ig. 11(B). 

The structure is thon ooated with a.n interlayar 

insulating film 111, After suitable contact holes are opened 
through tha interlayer insulating film 111 at the gate electrode 
of the first transistor X07 and the drain of the second 
transistor 108, an addressing line 113 and a voltage supplying 
line 112 are formed frcai a snatal film "by etonins. Tne addresslns 
line 113 and the voltage supplying line Ita «*e connected through 
tha oontact holea to the gate electrode or the first transistor 

107 and the drain of the second transistor 108 respectively as 
illustrated in Fig»,10{C) and 11(C), The interlayer insulating 
film 111 is particularly desired to be highly insulating because 
electric charge must be maintained at the gats of the second 
transistor during one frame. 

The upper surface of the structure is then coated with a 
surface smoothing film ii4. After a suitable contact hole is 
opened through the smoothing film 114 at the source of the second 
transistor 108, an electroae pad 115 of tne pixel is formed from 
a transparent conductive film such as an ITO (an alloy of indium 
oxide and tin oxide) film to mais contact with the source of the 

second transistor 108. 

Referring next to Fig. 12(A) to 1S<D), a methods of 
producing the circuit for supplying driving voltages to the pixel 
of the liq.uld crystal display in accordance with tne fourth 
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eiribodimdat of the presant invention illustrated in Fis.6(A) will 

be explained. In the figure, numerals 209 and 210 designate the 
first and second transistors respectiYely in an inrersed 
staggered type. Pig* 13 (A) to I2(D) are cross sdotional vi»w» 
shewing tho circuit in respective steps. 

A blocking film 202 ia formed on a glass substrate 201 in 
the aame manner as in the previous method. The blocking film 102 
is made or silicon nitride for blocking movable ions auch as 
sodiuiQ ions. Gate electrodee are formed on the blocking film 

102. The gate electrode of the first transistor 210 is formed 
integrally vith the addressing line. These gate electrodes are 
preferalDly made Ot a metal such as aluminum or a semiconductor 
such as silicon. Vhen formed from aluminmn, tho yield can bd 
improved by employing a low temperature process, oxide films of 
10 to 30 .mn thickness may be formed on the external surfaces of 
the gate eleotrcdes if desired, for example, by anodic oxidation 
or another suitable method. An interlayer insulating film 204 ia 
coated on the aubstrato, Tli© insulating film 204 overlies the 

gats electrode to function as the gate insulating films of the 
first and second transistors 209 and 210. 

An intrinsic amorphous silicon semiconductor film 205 is 
formed or«r the gate electrode of the first transistor 209 to 
form active region. On tne intrinsic semiconductor film SOS is 
formed an type microcryaf&alline silicon semiconductor film 

which is divided into source and drain regions 205 and 207 with 
an etching stopper 203 in between. ?or the second transistor 210, 
an n type semiconductor amorphous silicon semiconductor film 206 

is formed over the gats electrode to form actire region, followed 
by forming on the semiconductor film 206 an n"*" type 
microcrystalllne silicon semiconductor film which- is divided into 
source and drain regions vith an etching stopper in the same 
manner, as a result, tiie first transistor is formed aa an 



enhan^i ement device and the second transistor a$ & depression 
dsTica as shown in ?ig.i2<A)* 

After forming a. contact hole to provide an aooass to tha 
gat© alectroda of tiie second transistor 210, a data Ilns 211 and 
an wiring 212 are formed from a flietal. The data line 211 is 
psttdrnad to niak© contact with xua drain region 20T of tlie first 
transistor 209 and the wiring 212 i5 patterned to conneot the 
source region 205 of th^ first transistor 209 and the gate 
elMtrods of the second transistor 210 in the same manner as 
illustrated in Fig. 11(B). 

The structure is then coated with an interlayer 
insulating film 313 f After a suitable contact hole is opened 

through the interlayer insulating film 213 at the drain of the 
second transistor 210, a voltage supplying line 214 are formed 
from a metal filin hy etcning. Tha voltage supplying line 214 are 
connected through the contact hole to the drain of the second 
transistor 310 as illustrated in yigs. 12(C)* The upper surface of 
the structure is then coated vith a surface smoothing film 216. 
After a suitable contact hole is opened through the smoothing 
film 215 at the source of the second transistor 210 > aa electrode 
pad 217 of the pixel is formed from a transparent conductive filin 
such as an ITQ film to make contact with the source of the second 
transistor 210 as illustrated in Pig* 12(D). 

The fifth emhodimant of the present Invention shown in 
FlS-7(A) can be formed in the aame manner as illustrated ijx 
Pigs. 12(A) to i2(D), In this case, whereas both the active 
regions 205 and 206 are formed from an intrinsic semiconductor, 
the source and drain regions of the seconn semiconductor are 

formed from a p"^ type semiconductor, since the mobility in a p"*" 
type amorphous semiconductor is very low, the transistors are 
desirably formed from a polysilii^on sesniconductcr , Laser 
annealing is suitable for producing the polysilieon semiconductor 

se 



at low temperatures laecausa wnen aluminum Is used to form t2:e 
gate electrodes It tends to be degraded at temperatures no lower 
than 550. 

?l5.L3(A) to 13(C) shows plan views of the circuit for 
3"upplying driving voltages in accordanca with the fifth 
fimcodiment of the present invention in respective production 
steps * 

A gai:8 electrode 301 and a wiring 301* are patterned on a 
blocking film formed on a glass substrate in the same manner* The 
blocking film is made of silicon nitride for iJlocKing moratJle 
ions such as sodium ions* The gate electrode 301 is formed to 
extend as an addressing iine» These gate electrodes are 
preferably made of a metal such as alxuninum or a semiconductor 
auoh as silicon. Oxide films or lo to ao nm thickness may be 
formed OIL the external surfaces of the gate electrodes if 
desired, for exampls, by anodic oxidation or another suitable 

method. After an inter layer insulating film is coated on the 
substrate as the gate insulating films of the first and second 
transistors, an Intrinsic amorphous silicon semiconductor film 

302 is formed and patterned to oovsr both the gate ©lectrodea of 
the first and second transistor to form active regions- A contact 
hole 3C4 is opened through the insulating film. On the intrinsic 
semiconductor film 302 over the gats electrode of the first 
transistor is foritied an n"*" type mlorocrystalline silicon 
Bsmioonduotor film 306 which is patterned into source and drain 

regions with an etching stoppsr (not shewn). The source region 
305 Is connected to the gate electrode 301' of the second 
transistor through the contact hole 304. For the second 
transistor, p'*' type mioroorystallina silicon aamieonduetcr film 

303 is formed en the intrinsic semiconductor film 303 and 
patterned into source and drain roglona with E.n etching stopper 
m the same manner, as a result, CMOS devices comprising the 



first transistor and the second transistor as shown in Flg,i3(A) 
in coispletad. 

A data linA 211 i» formed from «t metal m oraar to make 
contact with the drain 300 of the first trajisistor* An interlayer 
inauiating film ia then formed ovar tha strueturo and contact 
'naifis 307 and 305 ars cpaned thersthroogh to provide acc&sa«s to 
the so-urce «-nd the drain of the second transistor* A voltaga 
supplying liaa 308 is farmed to make contact with tha source of 
the second transistor* An electrode pad 310 of the pixel is 
forined to majie contact with the drain or tha second transistor. 

This prccssa can be applied for other embodiments of the 
present invantion by suitably selecting tna conductivity tjrpes of 
tns respective sejniconciuctors and m^^lclhg necessary modification 
if necessary, Tlia respaotiv© st^pa of tii© abcv© procsssi to form 
tha CMOS aevice are summarissd as follovs. The aunibers in 
brackets [ ] are th© maals n\imbar, 

1) formation of the addressing line 301 and the gate 
electrode 301* [i], 

2) formation of the gate insulating film (intsrlaydr 
insulating film), 



3) 


formation 


of 


the 


semiconductor film 303C3], 


4) 


formation' 


of 


tho 


etching stoppers (not sftown)C33, 


0) 


formation 


of 


the 


contact hole 304C43 , 




formation 


of 


the 


eamioonductor film 305[33. 




f orisation 


of 


the 


samiconductor film 303C5], 


8) 


formation 


of 


the 


data line 306C7], 


9) 


format ion 


or 


tne 


inter layer insulating film, 


10) 


forifnation 


of 


the 


contact holes 307 and sc9C83j 


11) 


Tormatlon 


of 


the 


voltage supplying line SOSCS], 


13) 


formation 


of 


the 


electrode pad 310 of the pixel[103. 



figg. 14(A) and 14(B) are a cross sectional view and a 
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plan view snowing "CJie conrisuratian of a. devica in accordaaoe 
witli the present inveation which csin b« maaufdfitured wltttout 
^ op^aing cont^tct Holes. 

An Addressing line 402 is formed on a. glass atuiaatrans 

401. T3i« addressing line functions as tJie gate electrode of tlae 
first transistor, The surface of the addressing line may 
oxidised to form an oxide film of 10 to 200 nm thickness for 
example by anoding, An intsrlayer insulating film 403 is coated 
on the substrate over the addressing line and etched i3acK to 

provide a flat upper surface. The interlayer insulating film 403 
functions as the gate inculating film above the addressing line 

402. Tne side surfaces of the addressing line sftay be tapered to 
avoid formation of sharp edges and improve the adhessivity to the 
interlayer insulating film 403. By this tapering, the upper width 
of the addressing line 402 is ne&rrowed so that the ohannel length 
of the first transistor is decreased. This is advantageous 
because a lower resistance of the addressing line and a shorter 
channel length are always desired. 

A semiconductor film 405 of 20 to 100 nm is fornsed to 
provide the active region of tha rirst transistor. The film 403 
la made of a polycrystalline silicon, an eunorphous silicon or 
another silicon seitioonduator of an interiRddiate crystalline 
atato between tham. A silicon nitride filia is formed on the 
semiconductor filr* 4CS and pattarned as a channel stopper 408 to 
define a channel region in the underlying semiconductor film 405, 
The channel stopper 403 is particularly effective when the 
semiconductor filjn 405 is very thin and therefore tends to be 
easily daunaged. 

Next, an n+ type microcrystaiiine silicon semiconductor 
rilm is formed over the structure and patterned in order to 
provide a first pattern 407 extending as tne gate electrode of 
■Qhe second tx-ansiator and as the source of the first transistor 
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located over the right sides of th* semiconductor film 405 and 
the stopper 406 as Illustrated in Jig. 14(b) and a second pattern 
4C8 extending over the lift sides of th« semiconductor film 40S 
and the stopper 406 as tha drain of th» second transistor, in 
accordance with the present invent ion. since electric charge is 
accumulated in the aource of the first transistor and th^ gata 
alaetrods Of the second transistor, such an integrated structure 
of the source and the gate electrode is very advantageous. Then a 
data line 409 is formea rroni a metallic material m order to make 

cont^fcct with the second pattern 406. 

Aftar coating an inter layer insulating rilm 410 of 
silicon ojcide over the structurs, a aeaiioonductor film 411 of 20 
to 100 nm is formed to provida the active region of the second 
transistor. The film 411 is made of a polycryatalline silicon, an 
aniorphoua silicon or another silicon s ami conductor of an 

intermediate crystalline state between them* A silicon nitride 
film is formed on the semiconductor film 411 and patterned as a 
channel stopper 412 to define a channel region in the underlying 
semiconductor film 411. Next, a p"*" typo jnicrocrystalline silicon 
sftjiaiconductor film is formed over the structure and patterned in 
order to provide the source and the drain of the second 
transistor to provide a CMQS structure. A voltage s'upplying line 

414 is formed to make ccntact with the source of the. second 
transistor. An dlaotrode pad 415 of th© pixel is formed to make 
contact with the drain of the second transistor, 

This process can be applied for other embodiments of the 
present invention iDy suitably selecting the conductivity types of 
the reiapeotive semiconductors and making necessary modification 
if necessary. The respective steps of the above process to form 
the CMOS device are summarised as follows* Th© numbers in 
brackets C ^ are tne rnasic number. 



1) formation the addroflsing lizis 402[l], 

2) torniatlOTl of the gate Insulating film <interlayer 
insulating film) 403, 

3) formation of the sanlconductor film 403 [33. 

4) fari:nation of the etcMng stopper 408[33, 

5) formation of the semiconductor films 407 and 408[4], 
S) formation of the data line 409[5], 

7) formation of tie gate insulating film (interlayer 
insulating film) 4ic, 

8) fonnatian of thd soffiiconductor fiini 4ii[63, 
3) formation of tne etcuiixg stopper 4iaC7l, 

10) formation of th^ semioonduator film 413CS], 

11) formation of thB voltage supplying lina 4l4Ca], 

12) formation of the electrode pad of th« pixel 415 [10]. 
The foregoing description of preferred emftcdinients has 

been presented for purposes of illustration and desorlption* It 
is not intended to be exhaustive or to limit tne invention to the 
precise form described, and obviously many modifications and 
variations ara possible in light of t2ia above teaching. The 
emoodijuent was chosen in order to explain moet clearly the 
principles of the invention and ite praotieai application thereby 
XQ enable others in the art to utilize most effectively the 
invention in various embodiments and vith various modifications 
as are ssuited to the particular use contemplated. 



WHAT IS CLAIMED IS: 



1 . A semiconductor device comprising: 

a substrate having an insulating surface; 

at least first and second semiconductor islands formed over said 
substrate v^herein each of the semiconductor islands has a channel region and a pair 

of impurity regions; 

an insulating film formed over said substrate, said insulating film 
including at least first and second gate insulating films formed over said first and 
second semiconductor islands, respectively; 

at least first and second gate electrodes formed over said first and 
second semiconductor islands with said first and second gate insulating films 

interposed therebetween; 

a vdring formed on said insulating film for electrically connecting one 
of the impurity regions of the first semiconductor island with the second gate 
electrode wherein said wiring is connected to said one of the impurity regions 
through a hole opened in said insulating film; 

an interlayer insulating film formed over the first and second 
semiconductor islands, the first and second gate electrodes and the wiring; and 

a pixel electrode formed over said interlayer insulating film 
electrically connected to one of the pair of the impurity regions of the second 
semiconductor island. 

2 . The semiconductor device according to claim 1 wherein the thickness 
of said insulating film is 50 to 200 nm. 

3 . The semiconductor device according to claim 1 wherein the first and 
second gate electrodes comprise a material selected from the group consisting of 
doped silicon and a refractory metal. 
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4. The semiconductor device according to claina 1 wherein the pixel 
electrode comprises indium tin oxide. 

5 . The semiconductor device according to claim 1 wherein the first and 
second semiconductor islands comprise polysilicon. 

6. A semiconductor device comprising: 

a substrate having an insulating surface; 

at least first and second semiconductor islands formed over said 
substrate wherein each of the semiconductor islands has a channel region and a pair 
of impurity regions; 

an insulating film formed over said substrate, said insulating film 
including at least first and second gate insulating films formed over said first and 
second semiconductor islands, respectively; 

at least first and second gate electrodes formed over said first and 
second semiconductor islands respectively with said first and second gate insulating 
films interposed therebetween; 

a wiring formed on said insulating film for electrically connecting one 
of the impurity regions of the first semiconductor island with the second gate 
electrode wherein said wiring is connected to said one of the impurity regions 
through a hole opened in said insulating film; 

a data line formed on said insulating film connected to the other one 
of the impurity regions of the first semiconductor island; 

a first interlayer insulating film formed over the first and second 
semiconductor islands, the first and second gate electrodes, the wiring and the data 
line; 

a voltage supply line formed on said first interlayer insulating film 
connected to one of the pair of impurity regions of the second semiconductor island; 

a second interlayer insulating film formed over said first interlayer 
insulating film and said voltage supply line; 
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a pixel electrode formed over said second interlayer insulating film 
connected to the other one of the pair of the impurity regions of the second 
semiconductor island. 

7. The semiconductor device according to claim 6 wherein the pixel 
electrode comprises indium tin oxide. 

8 . The semiconductor device according to claim 6 wherein the first and 
second semiconductor islands comprise polysilicon. 

9. A semiconductor device comprising: 

a substrate having an insulating sxarface; 

at least first and second semiconductor islands formed over said 
substrate wherein each of the semiconductor islands has a channel region and a pair 
of impurity regions; 

an insulating film formed over said substrate, said insulating film 
including at least first and second gate insulating films formed over said first and 
second semiconductor islands, respectively; 

at least first and second gate electrodes formed over said first and 
second semiconductor islands respectively with said first and second gate insulating 
films interposed therebetween; 

a wiring formed on said insulating film for electrically connecting one 
of the impurity regions of the first semiconductor island with the second gate 
electrode wherein said wiring is connected to said one of the impurity regions 
through a hole opened in said insulating film; 

a data line formed on said insulating film connected to the other one 
of the impurity regions of the first semiconductor island; 

a first interlayer insulating film formed over the first and second 
semiconductor islands, the first and second gate electrodes, the wiring and the data 
line; 
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an address line formed on said first interlayer insulating film 
connected to the first gate electrode wherein said address line extends across said 
data line; 

a second interlayer insulating film formed over said first interlayer 
insulating film and said voltage supply line; 

a pixel electrode formed over said second interlayer insulating film 
connected to the other one of the pair of the impurity regions of the second 
semiconductor island. 

10. A semiconductor device comprising: 

a substrate having an insulating surface; 

at least first and second semiconductor islands formed over said 
substrate wherein each of the semiconductor islands has a channel region and a pair 

of impurity regions; 

an insulating film formed over said substrate, said insulating film 
including at least first and second gate insulating films formed over said first and 
second semiconductor islands, respectively; 

at least first and second gate electrodes formed over said first and 
second semiconductor islands respectively with said first and second gate insulating 
films interposed therebetween; 

a wiring formed on said insulating film for electrically connecting one 
of the impurity regions of the first semiconductor island with the second gate 
electrode wherein said wiring is connected to said one of the impurity regions 
through a hole opened in said insulating film; 

a data line formed on said insulating film connected to the other one 
of the impurity regions of the first semiconductor island; 

a first interlayer insulating film formed over the first and second 
semiconductor islands, the first and second gate electrodes, the wiring and the data 
line; 
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a voltage supply line formed on said first interlayer insulating film 
connected to one of the pair of impurity regions of the second semiconductor island; 

a surface smoothing film formed over said first interlayer insulating 
film and said voltage supply line; 

a pixel electrode formed over said sxirface smoothing film connected 
to the other one of the pair of the impurity regions of the second semiconductor 
island. 

11. A semiconductor device comprising: 

a substrate having an insulating surface; 

at least first and second semiconductor islands formed over said 
substrate wherein each of the semiconductor islands has a channel region and a pair 
of impurity regions; 

an insulating film formed over said substrate, said insulating film 
including at least first and second gate insulating films formed over said first and 
second semiconductor islands, respectively; 

at least first and second gate electrodes formed over said first and 
second semiconductor islands respectively with said first and second gate insulating 
films interposed therebetween; 

a wiring formed on said insulating film for electrically connecting one 
of the impurity regions of the first semiconductor island with the second gate 
electrode wherein said wiring is connected to said one of the impurity regions 
through a hole opened in said insulating film; 

a data line formed on said insulating film connected to the other one 
of the impurity regions of the first semiconductor island; 

a first interlayer insulating film formed over the first and second 
semiconductor islands, the first and second gate electrodes, the wiring and the data 
line; 
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an address line formed on said first interlayer insulating film 
connected to the first gate electrode wherein said address line extends across said 
data line; 

a svirface smoothing film formed over said first interlayer insulating 
film and said voltage supply line; 

a pixel electrode formed over said second interlayer insulating film 
connected to the other one of the pair of the impurity regions of the second 
semiconductor island, 

12, A semiconductor device comprising: 
a glass substrate; 

a blocking film comprising silicon nitride formed on the glass 

substrate; 

a first insulating film comprising silicon oxide formed on the 

blocking film; 

at least first and second semiconductor islands formed on said first 
insulating film wherein each of the semiconductor islands comprises poly silicon and 
has a channel region and a pair of impurity regions; 

a first insulating film formed over said substrate, said insulating film 
including at least first and second gate insulating films formed over said first and 
second semiconductor islands, respectively; 

at least first and second gate electrodes formed over said first and 
second semiconductor islands with said first and second gate insulating films 
interposed therebetween; 

a wiring formed on said insulating film for electrically connecting one 
of the impvirity regions of the first semiconductor island with the second gate 
electrode wherein said wiring is connected to said one of the impurity regions 
through a hole opened in said insulating film; 

an interlayer insulating film formed over the first and second 
semiconductor islands, the first and second gate electrodes and the wiring; and 
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a pixel electrode formed over said interlayer insulating film 
electrically connected to one of the pair of the impurity regions of the second 
semiconductor island. 
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ABSTRACT Q? THE DISCLOSURE 

An electro-optical liquid crystal display suitable for 
displaying highly graded images. A plurality of pixels are 

sirranged in a matrix and supplied with data signals through data 
lines extending in the column direction. Extending in the row 
direction are a plurality of addressing lines and a plurality of 
Toltaga signal lines. Each row is selected by activating by each 
of the addressing lines and supplied with a driving voltage from 
each of the voltage supplying lines. 
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